variants were selected to use as our IVs because of their robust association with education and myopia, allowing us to construct strong instruments for making MR inferences. Thus, using the allele score for educational attainment as the IV, MR showed that every additional year spent in education resulted in a more myopic refractive error of -0.27 D/year (95%CI, -0.37 to -0.17, p=4.2e-8) (Table 2; Figure 3 ). The MR effect estimate was even greater in magnitude than the observational estimate (-0.27 vs. -0.18 D) suggesting that unmeasured confounders may have attenuated the latter relationship. Conversely, using the myopia allele score as the IV in MR provided no evidence that refractive error affected educational attainment (b IV = -0.008 years/D, 95% CI -0.041 to 0.025, p=0.625) (Table 2; Figure 3 ). With our sample size of N=69,798, we had 80% power to detect an effect of education on refractive error >0.26D/yr. In the reciprocal direction, we had 80% power to detect an effect >0.048yr/D (Extended Data Figure 2 ), suggesting that our study had sufficient power to detect an effect of myopia on education, if present.
MR analyses are based on two pertinent assumptions: (i) the genetic instruments are only associated with the outcome via the exposure, and (ii) the genetic instruments are not associated with any confounders of the exposure-outcome relationship. The Durbin-WuHausman (DWH) test for endogeneity is a method to check for endogenous variables in a regression model that would create bias, e.g. from omitted variables, measurement error or reverse causation 25, 26 . There was weak evidence that the IV estimate using the education allele score differed from the observational point estimate (DWH-p=0.059), with the IV estimate suggesting a larger negative association (Table 2 ). There was strong evidence that IV estimate using the myopia allele score was a departure from the observational point estimate (DWH-p=4.05e-19) ( Table 2 ).
The second core assumption of MR is that the IV is not associated with a confounder of the exposure-outcome association 20 . There was evidence that the geographical co-ordinate northing (measured northward distance in UK) is a confounder of the education-refractive error relationship; northing was negatively associated with education (b = -1.61e -6 , 95% CI, -1.78e -6 to -1.45e -6 ) and positively with refractive error (b = 1.16e -6 , 95% CI 9.84e -7 to
1.33e -6 ). Northing was also associated with the education (p=6.8e-5) and myopia (p=6.1e-3) allele scores (Extended Data Table 2 ). Compared to standard regression, confounding bias plots suggest that inclusion of the northing variable in the IV analysis may result in a greater degree of bias for the education allele score ( Figure 4A ) but not for the myopia allele score ( Figure 4B ).
In contrast, the geographical easting coordinate was positively associated with education (b = 8.90e -7 , 95% CI, 6.82e -7 to 1.10e -6 ) and negatively associated with refractive error (b = -1.03e -6 , 95% CI, -1.25e -6 to -8.06e -6 ). It was weakly associated with the myopia allele score (p=0.01). However, there no evidence to suggest a greater degree of bias in the IV analysis compared to a standard regression with the inclusion of the easting variable ( Figure   4B ). We identified one further confounding variable as population stratification principle component 9, which incurred a greater degree of bias in the IV regression compared to OLS regression. While these confounders (northing and population stratification component 9) may bias our MR effect estimates, we restricted our analyses to unrelated individuals of European ancestry to limit the likelihood of major bias from population stratification.
MR causal estimates were also calculated using the MR-Egger and Weighted Median methods (which partially relax the assumptions required for MR causal estimates to be valid)
as well as alternative methods of integrating IV estimates across individual SNPs. All of these approaches yielded causal estimates indicating that increasing levels of education led to a more myopic refractive error (by -0.22 to -0.44 D/year; p<0.05 for all methods), while there was no evidence that a more myopic refractive error led to greater educational attainment (p>0.05 for all methods) (Extended Data Table 4 ). al. 30 was underpowered, which may explain why results from 2 of the 3 cohorts they studied were non-significant. Furthermore, their methodology risked violating one of the key assumptions of MR; firstly because the thousands of SNPs used to create their IV may well have included pleiotropic variants with direct effects on both educational attainment and refractive error; and secondly, because there were likely to be SNPs associated with educational attainment that were in LD with refractive error variants. The much larger sample size in our study permitted the use of less than 100 variants to use as IVs for educational attainment and refractive error. Thus, we were able to mitigate against the risk of LD between the major risk variants for the two traits explaining the underlying associations between education and myopia. Crucially, our analyses provided strong evidence that this relationship arose from a causal effect of education on refractive error, and not via reverse causation or confounding by influences such as socioeconomic status.
Myopes, by definition, have better near vision than distance vision and require less accommodative effort for near work and study, and so myopia has been proposed as an educational advantage 31 . Despite the general perception that myopes are more studious than non-myopes, we found no evidence that refractive error affected educational attainment.
Conversely, known environmental risk factors for myopia provide intriguing clues about how educational exposure may influence refractive error. Randomised controlled trials have demonstrated that time spent outdoors during childhood protects against myopia development, at least in part 14, 32 ; whereas the time that children spend doing near work activities, such as reading, has been less consistently linked to the incidence and progression of myopia 15, [33] [34] [35] . Indeed, the time that children spend outdoors is typically independent of their near work activities, as measures of the two are generally uncorrelated [36] [37] [38] . Myopic children tend to engage in less physical activity, such as sports 38, 39 . Individuals who spend more years in education may spend a larger proportion of their time indoors, so it is plausible that spending less time outdoors may be one mechanism through which higher levels of educational attainment cause myopia; but this requires further investigation.
Given the rapid rise in the global prevalence of myopia and the economic burden of myopia and its vision-threatening complications, our findings have important implications for educational practices. Educational policy makers should be aware that the current practices employed for educating our children to promote personal and economic health may have the unintended consequence of causing increasing levels of myopia and later visual disability as a result.
Methods

The study cohort in UK Biobank
We analysed cross-sectional data from the baseline assessment of the UK Biobank project 40 .
During the period 2006 to 2010, UK Biobank recruited 502,649 participants aged 37 to 73 years-old. Participants attended 1 of 22 assessment centres across the UK, at which they completed a touch-key questionnaire, had a face-to-face interview with a trained nurse, and underwent physical assessments. All participants completed sociodemographic questionnaires, which included questions on past educational or professional qualifications.
Towards the end of the UK Biobank recruitment exercise, a detailed ophthalmic assessment was introduced. Approximately 23% of participants underwent the ophthalmic assessment.
Participants who had withdrawn consent were excluded. A total of 69,798 participants had valid education, refractive error and genetic data available (Extended Data Figure 1 ).
(i) The definition of educational attainment in UK Biobank
Educational attainment was defined by the question age completed full-time education (ii) The definition of refractive error in UK Biobank
Refractive error was measured as part of the ophthalmic assessment using non-cycloplegic autorefraction (Tomey RC5000 autorefractor; performed after removal of habitual spectacles 
(iii) The genotype data in UK Biobank
Participants were genotyped using one of two platforms: the Affymetrix UK BiLEVE Axiom array or the Affymetrix UK Biobank Axiom array. The genetic data underwent rigorous quality control procedures and was phased and imputed against a reference panel of
Haplotype Reference Consortium (HRC), UK10K and 1000 Genomes Phase 3 haplotypes 41 .
Due to an issue with the imputation of UK10K and 1000 Genomes variants, analysis has been restricted to HRC variants only. Samples were excluded based on the following genotypebased criteria: non-European ancestry, relatedness, mismatch between genetic sex and selfreported gender, putative aneuploidy (variable 22019), outlying heterozygosity, and excessive missingness (variable 22027) 41 .
Statistical Methods (i) Ordinary Least Squares (OLS) observational analyses
Observational associations between refractive error and educational attainment were assessed using linear regression adjusted for sex and age. These genetic variants are described in Extended Data Table 3 . 
(c) The implementation of MR
MR was implemented using the two-stage least squares method in the R package ivpack 43 .
Age and sex were included as covariates. Table 5 ).
Under a second assumption of MR, genetic variants with pleiotropic effects are invalid instruments. This can be problematic when genetic variants are used without regard for the biological mechanisms through which they affect the exposure. MR-Egger is a method that gives a valid test for causality despite the presence of invalid instruments 27 . With MR-Egger regression, deviation of the intercept estimate from zero suggests the existence of horizontal pleiotropy. However, MR-Egger is not valid for one-sample MR, used for the main analyses in this study, as the error terms for the genetic variant (G)-exposure (E) and G-outcome (O) associations will be correlated. It was, therefore, necessary to run MR-Egger as a split sample analysis, whereby the sample was randomly split in half, then G-E and G-O associations were calculated separately in the independent groups (Extended Data Table 4 , sheets 2 & 3). MREgger was implemented using the R package MRBase 48 (available:
github.com/MRCIEU/TwoSampleMR).
Finally, to ensure the association between educational attainment and myopia was not an artefact of the non-normal distribution of the variable age completed schooling, educational attainment was recoded using two alternative methods: (1) dichotomisation into age >16 years when completed schooling and age £16 years when completed schooling; and (2) excluding individuals who attended college or university. The results were compared with the original analyses using the continuous variable age completed schooling.
Code availability
Code used to run the analysis is available on GitHub: Tables   Table 1. Observational association between educational attainment and refractive error.
Educational attainment was defined as the age full time education was completed and refractive error was defined as the average measured mean spherical equivalent refractive error (aveMSE Variables that confound the education -refractive error relationship which are also associated with an allele score are highlighted in green.
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